B-cell precursor acute lymphoblastic leukemia is the most common pediatric malignancy, but its treatment needs to be modified to cause low acute toxicity and few late complications with a high cure rate. In this trial, we will stratify patients with B-cell precursor acute lymphoblastic leukemia into standard, intermediate and high risk groups according to prognostic factors. In addition, we will establish an evaluation system for minimal residual disease that will enable us to stratify patients based on minimal residual disease in subsequent clinical trials. We will clarify the impact of dexamethasone/vincristine pulse therapy during maintenance therapy in the standard risk group, and intensive L-asparaginase therapy in the intermediate risk group. In the high risk group, usefulness of vincristine intensification will be assessed. This trial has been registered in the UMIN Clinical Trials Registry as UMIN000009339 [http://www.umin.ac.jp/ctr/].
Introduction
Acute lymphoblastic leukemia (ALL) is the most common pediatric malignant neoplasm, and there are expected to be 450-500 patients per year in Japan with newly diagnosed ALL based on the total number registered in the Japan Children's Cancer Group clinical trial. Among them, 85-90% will have B-cell precursor acute lymphoblastic leukemia (BCP-ALL). The outcome of Pediatric ALL has been dramatically improved by the progress of research over the past 50 years (1) , with stratification of treatment based on risk of relapse and the biological features of leukemic cells, as well as better supportive care. However, the increase of long-term survivors has led to problems with late complications (2, 3) . Recently, risk classification has become more detailed, and the categories range from a group with the best prognosis and an expected to cure rate of 90% or more (4, 5) to a group that is difficult to cure with chemotherapy (6, 7) . Accordingly, it is necessary to establish optimum treatments for each group with low acute/long-term toxicity, high cure rates and as few late complications as possible.
A study performed at St. Jude Children's Research Hospital in the USA (8) first demonstrated the breakthrough outcome of longterm remission for pediatric ALL by combining prophylactic cranial irradiation with multi-agent combination chemotherapy. After that, the Berlin-Frankfurt-Munster (BFM) group established a 'remission induction/early consolidation therapy (Protocol I)' that achieved a 5-year event-free survival (EFS) rate of 55% ± 6% (9) . Protocol I consists of 'Protocol IA', in which adds daunorubicin is added to vincristine (VCR), prednisolone and L-asparaginase (L-ASP), or 'Protocol IB', in which cyclophosphamide, 6-mercaptopurine and cytarabine are administered immediately after Protocol IA. By incorporating 're-induction therapy (Protocol II)' in the BFM 76/79 study, they achieved a 5-year EFS rate of about 70% in patients with high risk (HR) ALL(high leukocyte count at diagnosis) (10) . The children's Cancer Group (CCG) subsequently studied the efficacy of 'remission induction/early consolidation therapy' and 'reinduction therapy,' and established these regimens as an essential part of chemotherapy for pediatric ALL (11) . Today, this 'BFMbackbone treatment' is used worldwide, from advanced countries such as the United States (Children's Oncology Group: COG), United Kingdom, France, the Netherlands and Scandinavia to semideveloped countries such as those in South America and eastern Europe. It is considered to be the 'standard' treatment for pediatric ALL from the viewpoint of versatility.
Many clinical trials performed in Japan differ greatly in detail but use BFM-backbone, including induction therapy, consolidation therapy with high-dose methotrexate, and maintenance therapy (12) . Thus, we adopted the BFM backbone for the first nationwide clinical trial of pediatric ALL in Japan, aiming to confirm the feasibility of this therapy based on stratification by age, initial leukocyte count and early response to prednisolone. Furthermore, based on the results of the BFM95 clinical trial (13), we planned to perform a randomized clinical trial in each risk group to obtain clinical evidence for improving the outcome of pediatric ALL.
In the standard risk (SR) group, we planned a randomized trial to verify the effectiveness of VCR/dexamethasone (DEX) pulse therapy during maintenance therapy. VCR/steroid pulse therapy was found to improve treatment outcomes by a meta-analysis of studies conducted in the 1980s (14) . However, its usefulness was regarded as inconsistent in the late 1990s. The international BFM group failed to detect any advantage of pulse therapy during maintenance for the intermediate risk group (15) , while the European Organisation for Research and Treatment of Cancer (EORTC) 58591 study demonstrated better disease free survival with additional pulse therapy during maintenance (16, 17) . These results suggested the possibility that intensive maintenance therapy is only useful if treatment before maintenance therapy has been less intensive, while the advantage of intensified maintenance therapy is attenuated when consolidation therapy was intensive. Therefore, we hypothesized that pulse intensification of maintenance therapy might improve the outcome for the SR group who received less intensive induction/consolidation therapy.
In the IR group, we will perform a randomized clinical trial to verify the effectiveness of L-ASP intensification throughout consolidation therapy. In this study, intensification of L-ASP will be performed with IB, IIIB and Protocol M. The feasibility of intensification in each phase has been confirmed by randomized clinical trials, including the EORTC 58951 study (16) and the BFM 90 study (18) . The total dose of L-ASP in the study group (intensive L-ASP group) will be 290 000 U/m 2 , which will be significantly higher than in the control arm (120 000 U/m 2 ). However, there is no marked increase in the study dose compared to 36 600 U/m 2 in the augmented BFM study (19) .
The BFM-2000 HR regimen was reported to improve 5-year EFS for prednisolone poor responders (PPR) with no other HR factors from 65% to 73% (20) , by restoring IB and intensifying L-ASP in Block treatment compared with the regimen used in the 95HR study. This also exceeded the results obtained in the Associazione Italiana di Ematologia Oncologia Pediatrica (AIEOP)-95 HR study (8) by performing Protocol II twice, which is currently the best treatment for PPR among the BFM-backbone regimens. However, the usefulness of Block treatment, which has been adopted for patients HR since the BFM-90 study, has not been verified. Meanwhile, intensification of VCR/L-ASP that causes comparatively mild myelosuppression is one of the important components of augmented BFM therapy, with which the CCG obtained excellent results in patients showing a poor response to initial treatment. BFM backbone therapy incorporates a relatively low dose of VCR, so there is a possibility of improving treatment outcomes. Since standard therapy has not been established for HR patients, we will perform a comparison between BFM-HR Block treatment and standard BFM therapy with intensified VCR/L-ASP.
Allogeneic stem cell transplantation is indicated for patients who have high minimal residual disease (MRD) at the end of consolidation therapy, as well as for those with failure of induction therapy or poor cytogenetic features such as hypodiploidy and TCF3-HLF.
Treatment outcomes will not only be assessed by EFS/overall survival (OS), but also on the basis of quality of life.
Eligibility criteria
Inclusion criteria • Diagnosis of BCP-ALL.
• Aged 1-19 years at the time of diagnosis.
• Eastern Cooperative Oncology Group performance status (PS) score of 0-2. However, a PS of up to 3 is allowed when deterioration of PS is caused by leukemia.
• No history of receiving anticancer drugs or radiotherapy.
• Fully maintained organ functions that simultaneously satisfy the following two conditions. (Laboratory data shall be obtained within 7 days of the registration date.) (i) Total bilirubin: less than 3 times the upper limit of the reference value adjusted for age. (ii) Creatinine: less than 3 times the upper limit of the reference value adjusted for age.
• Written consent to participation in this study provided by the patient/legal representatives.
Exclusion criteria
• Diagnosis of mature B cell ALL.
• Diagnosis of Ph+ ALL.
• Diagnosis of true mixed-lineage leukemia.
• Symptoms of central nervous system bleeding of Grade 3 or more according to the Common Terminology Criteria for Adverse Events v4.0.
• Infection that is difficult to control, including patients with active tuberculosis and those positive for human immunodeficiency virus antibody.
• Females who are pregnant, breastfeeding or possibly pregnant.
• A history of congenital or acquired immunodeficiency syndrome.
• QTfc (with Fridericia's correction) of 0.45 s or more (QTfc = QT/ RR *1/3 )
• Patients otherwise deemed unsuitable for this study by the investigator.
Methods
Randomization will be performed in all risk groups. The design of this trial is shown in Fig. 1 ) and prednisolone good responder (PGR; peripheral blood blast count of less than 1 000/μl on Induction Day 8) and bone marrow (BM) on Induction Day 15 = M1 (leukemic blasts <5%)/2 (leukemic blasts >5%, <25%) and time point (TP) 1 (TP 1; after Induction Ia) BM = M1 without HR features.
Treatment (experimental arm): Reduced intensity BFMbackbone treatment with VCR/DEX pulse therapy during the maintenance phase.
Treatment (standard arm): Reduced intensity BFM-backbone treatment without VCR/DEX pulse therapy during the maintenance phase.
IR: Criteria:
• NCI-SR and PGR and BM on Induction Day 15 = M3 and TP1 BM = M1 without HR features.
• NCI-HR (age >10 years or WBC >50 000/mm 
Outcomes

Primary endpoint
Five-year EFS in the SR group, IR group and HR group.
The events included in EFS are induction failure, relapse, secondary-cancer (including myelodysplastic syndromes), and all cause of death. 
Sample size
The planned number of patients for registration is 1560 patients (SR group: 800, IR group: 490, and HR group: 270).
-SR group The expected treatment outcome in the SR standard treatment group is assumed to be about 85%, based on the following: the 6-year EFS rate of the NCI-SR group with BCP-ALL was 86.5% in the BFM 95 study (13) ; this study will be performed based on the BFM 95 study (excluding patients with PPR, 25% or more myeloblasts (M3) on Day 15 of remission induction therapy, CNS infiltration, and poor prognostic chromosomal abnormalities); and there is a possibility that therapeutic results will decline somewhat by treatment alleviation. VCR/DEX pulse therapy can be judged to be useful in the SR group if the 5-year EFS rate of patients receiving VCR/ DEX pulse therapy is at least 6% higher than that of those without VCR/DEX pulse therapy (assumed to be 85%). Accordingly, the required number of patients per group (both groups) is calculated as 325 (650) for a detection power of 80%, 372 (744) for 85%, and 435 (870) for 90%, with a registration period of 5 years, follow-up period of 5 years, and two-tailed significance level of 5% by the log rank test. The registration rate of Down syndrome patients without randomization is estimated to be about 1%. From these considerations, and allowing for a few ineligible cases, we set the required number of patients (including Down syndrome patients without randomization) as 800 in both groups.
-IR group
Intensive L-ASP therapy can be judged to be useful in the SR group if the 5-year EFS rate of the patients receiving intensive L-ASP therapy is at least 10% higher than that of those without intensive L-ASP therapy (assumed to be 70%). Accordingly, the required number of patients per group (both groups) for each are calculated as 213 (426) for a detection power of 80%, 244 (488) for 85%, and 285 (570) for 90%, with a registration period of 5 years, follow-up period of 5 years, and two-tailed significance level of 5% by the log rank test. The registration rate of Down syndrome patients without randomization is estimated to be about 1%. From these considerations, and allowing for a few ineligible cases, we set the required number of patients (including Down syndrome patients without randomization) as 490 in both groups.
-HR group
There are currently few data on the outcome of HR, as classified in this study, in Japan or other countries. We predicted the survival rate of each treatment arm based on the following data: the 6-year EFS rate was 58.8% for HR patients in the AIEOP-BFM 2000 study (20) and the 5-year EFS rate was about 70% for patients with 25% or more myeloblasts (M3) on Day 7 of CCG/COG induction therapy (21) . Taking into consideration that the HR group in this study will mainly contain patients with a poor initial response and some patients with poor prognostic chromosomes/genes, the outcome is estimated to be similar to those of the AIEOP-BFM and CCG/COG studies. Thus, the 5-year EFS rate is assumed to be 60% in both groups. We plan to identify promising treatments from the results of this study by setting the detection power within a certain range for the situation in which the hazard ratio for one group is 1.5-1.7 worse than that for the other group. Under this condition, we calculated the required number of patients with a registration period of 5 years, follow-up period of 5 years, two-tailed significance level of 10%, and detection power of 70-90%.
We found that the detection power is 80% with a hazard ratio of 1.6 when the number of patients is 254. From these considerations, and allowing for a few ineligible cases, we set the required number of HR patients as 270 in both groups.
Statistical analysis
Analysis sets A total of three analysis sets are defined for this study, including two sets for efficacy evaluation ['full analysis set (FAS)' and 'per protocol set (PPS)'] and one set for safety evaluation ['safety analysis set (SAF)'].
The FAS is defined as the patients eligible for registration in this study, excluding those found to be ineligible after registration, duplicate registrations and misregistrations. The PPS is defined as the patients among the FAS who are judged to be valid for evaluation, excluding patients in whom protocol treatment was not initiated and patients excluded from analysis by the judgment of the ALL Committee due to severe protocol violations that could have a significant effect on the primary endpoints. In view of the characteristics of this study, the FAS is the main analysis set for efficacy evaluation. Results from analysis PPS will also be calculated as reference values for the main evaluation items. Moreover, a breakdown of all registered examples will also be shown and taken into account in interpretation of the results of analysis.
The SAF is defined as all eligible patients, except for those in whom protocol treatment is not initiated.
Parallel-group comparison will be performed, limited to randomized patients.
Main analysis for each group
Kaplan-Meier method is used for estimation of survival curve. The log rank test is used for comparison of survival curve. Hazard ratio is estimated by Cox proportional hazard model.
Interim analysis
For each risk group, interim analysis is planned when around twothirds of the patients have been registered. The primary endpoint and adverse events will be evaluated. The primary endpoint is analyzed by the log rank test using an O'Brien-Fleming type alpha spending function method based on the information time of events.
Treatment will be discontinued in the following cases: (1) nonremission at the time of BMA 4, (2) recurrence of the primary disease, (3) if treatment cannot be completed/resumed within the prescribed period, (4) if protocol treatment is discontinued or substituted by the patient, (5) when the attending physician judges that it is necessary to withdraw treatment, (6) if ineligibility is found after registration, (7) if death occurs during protocol treatment, or (8) if discontinuation is ordered by the operations committee due to marked deviation from the protocol.
Discussion
Establishment of a standard treatment framework for BCP-ALL will make it easier to evaluate new therapeutic options, including new drugs, in the future. In addition, establishing an evaluation system for MRD will allow us to stratify patients based on MRD in subsequent clinical trials. The significance of performing DEX/VCR pulse therapy during maintenance therapy for SR patients, and that of intensive L-ASP therapy for IR patients will be clarified. In the HR group, 
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Continued comparison between BFM-HR-type Block treatment and standard BFM therapy with intensified VCR/L-ASP will be performed.
